Abstract: Tellurite (TeO 3 2-) is highly toxic to most microorganisms. The mechanisms of toxicity or resistance are poorly understood. It has been shown that tellurite rapidly depletes the reduced thiol content within wild-type Escherichia coli. We have shown that the presence of plasmid-borne tellurite-resistance determinants protects against general thiol oxidation by tellurite. In the present study we observe that the tellurite-dependent depletion of cellular thiols in mutants of the glutathione and thioredoxin thiol:redox system was less than in wild-type cells. To identify the type of low-molecular-weight thiol compounds affected by tellurite exposure, the thiol-containing molecules were analyzed by reverse phase HPLC as their monobromobimane derivatives. Results indicated that reduced glutathione is a major initial target of tellurite reactivity within the cell. Other thiol species are also targeted by tellurite, including reduced coenzyme A. The presence of the tellurite resistance determinants kilA and ter protect against the loss of reduced glutathione by as much as 60% over a 2 h exposure. This protection of glutathione oxidation is likely key to the resistance mechanism of these determinants. Additionally, the thiol oxidation response curves were compared between selenite and tellurite. The loss of thiol compounds within the cell recovered from selenite but not to tellurite.
Introduction
Resistance to tellurite (TeO 3 2-) has been found in various Gram-negative bacteria. At least five different tellurite resistance (Te r ) determinants have been identified through genetic studies and DNA sequencing (see review by Taylor (1999) ). These determinants have been found to be chromosomal and (or) plasmid encoded. The majority of the tellurite resistance research to date has centered on the ter operon from the IncH plasmids (Hill et al. 1993; Jobling and Ritchie 1987; Jobling and Ritchie 1988; Taylor et al. 1994; Whelan et al. 1997 ) and the kilA (or kla) operon from the IncPα plasmid RK2 (Bradley 1985; Taylor and Bradley 1987; Thomas et al. 1980; Turner et al. 1994; Turner et al. 1995a Turner et al. , 1995b Walter and Taylor 1989) . Additionally, research has also focused on the teh genes from the Escherichia coli chromosome Turner et al. 1997; Turner et al. 1995a Turner et al. , 1995b Walter et al. 1991b) . Although the biochemical mechanism of resistance has not been fully elucidated for these determinants, it is clear that the mechanism of resistance is not mediated through efflux or reduced uptake of the tellurite oxyanion (Turner et al. 1995a) .
The metabolism and biochemistry of tellurite processing have also been studied in Rhodobacter sphaeroides (Moore and Kaplan 1992; O'Gara et al. 1997) , Thermus thermophilus (Chiong et al. 1988) , Natronococcus occultus (Pearion and Jablonski 1999) , as well as a number of aerobic photosynthetic bacteria (Yurkov et al. 1996) . The levels of resistance mediated by these organisms are typically higher than that of the plasmid-mediated mechanisms. Although the mechanisms are not fully understood, components of the electron transport chain are typically found to be involved in these organisms.
Studies on tellurite metabolism and toxicity in E. coli have revealed key components of tellurium biochemistry and physiology in this organism. The membrane-bound nitrate reductases have been found to reduce tellurite and contribute to the basal level of resistance (Avazeri et al. 1997) . Examining the resistance levels in various mutants demonstrates that thiol:redox enzymes (glutathione reductase and thioredoxin reductase), and their metabolites (thioredoxin, glutaredoxin, and glutathione), which are part of the thiol:redox buffering system in the cell, may be involved in tellurite resistance (Turner et al. 1995b ). This work also showed that the various Te r determinants depend to different extents on the thiol:redox system to mediate resistance. Telluritesusceptible strains of E. coli, when exposed to tellurite, rapidly lose their reduced thiol (RSH) content, whereas the Te r determinants protect cells against this thiol oxidation (Turner et al. 1999) . It was also demonstrated that proteins involved in disulfide bond formation within the periplasm (DsbA, DsbB) are important in basal resistance towards tellurite (Turner et al. 1999) .
The importance of thiol:redox components in the resistance mechanisms that protect against toxic heavy metals and oxyanions has been recognized. A key example is the ars determinant, which utilizes glutathione and glutaredoxin (determinant from R773) or thioredoxin (determinant isolated from pI258) (Ji and Silver 1992) to mediate resistance to arsenite, arsenate, and antimonite. These thiol:redox components participate in the reduction of arsenate to arsenite. Glutathione is a key intermediate in selenium metabolism (for review see Turner et al. (1998) and references therein). Glutathione reacts with SeO 3 2-to form selenodiglutathione (GS-Se-SG) following the selenium-RSH reaction mechanism referred to as the Painter reaction (Painter 1941) . Although many aspects of tellurium and selenium chemistry are different, there are certain parallels with regard to the reaction of their oxyanions with RSH compounds. Selenite and tellurite have been known for some time as thiol reactive reagents (Bersin and Logemann 1933) , although the nature of the chemistry is still not completely understood (Albeck et al. 1998) . A reaction of tellurite with glutathione would also be expected to follow a Painter type reaction or similar cascade (Albeck et al. 1998) . Glutathione was found to play an integral role in the physiological effects of exposure of erythrocytes to TeO 3 2- (Deuticke et al. 1992; Young et al. 1981) . This work suggested that the reaction pathway of TeO 3 2-with glutathione is responsible for the deposition of elemental tellurium (Te 0 ) through a series of reactive intermediates (Deuticke et al. 1992) .
In our previous studies (Turner et al. 1995b; Turner et al. 1999) , the role of the thiol-redox buffering system was implicated in both tellurite toxicity and resistance. The goal of the present study was to determine if glutathione is a specific target of tellurite reactivity in vivo, and to what extent can the plasmid-borne Te r determinants influence tellurite mediated glutathione reactions.
Materials and methods

Bacterial strains, plasmids, and growth conditions
The E. coli strain HB101 (F′ hsd (r -B m -B ) leu supE44 ara-14 galK2 lacY1 proA2 rpsL20 xyl-5 mtl-1 rec 13 mcrB) (Boyer and Roulland-Dussoix 1969) was used as the wild type strain for analysis of the low-molecular-weight thiols. Mutants of E. coli, which are responsible for thiol-redox maintenance, were obtained from J. Fuchs (University of Minnesota, St. Paul, Minn.). These include the parent strain JF1070 (AB1157, (lac-pro)), where AB1157 is F -thr-1 leuB6 lacY1 sup Eff rfbD1 thi-1 malT1 ara-14 galK2 xyl-5 mtl-1 mgl-51 hisG4 (gpt-pro)62 kdgK51 argE3 tsx-33. Mutant strains obtained include: JF420 (AB1157, gor-1), JF432 (AB1157, trxB gal+), JF2062 (JF1070, trxA::Km), JF2200 (JF1070, gshA::Km), JF2201 (JF1070, gshB::Km), and BPR100 (JF1070, grx::Km). These strains have decreased levels of reduced thiols that can lead to disulfide bond formation within the cytoplasm (Derman et al. 1993) .
Tellurite resistance determinants used in this study include: kilA, which is the klaAtelAtelB operon originating from the IncPα plasmid RK2Te r cloned into pUC8 generating pDT1558 (Walter and Taylor 1989; Walter et al. 1991a) , and the ter determinant (terWXYZABCDEF) on the IncHI2 plasmid R478 (Taylor and Levine 1980; Whelan et al. 1997) .
All bacteria cultures were grown overnight in Luria-Bertani (LB) broth medium containing the appropriate antibiotics. Antibiotics were ampicillin (100 µg/mL) and kanamycin sulfate (40 µg/mL).
Reduced thiol assay
Quantitation of whole cell reduced thiol content was performed as previously described (Turner et al. 1999) . To summarize, cultures were grown in LB broth at 37°C for 4 h from a 1% inoculum, at which point they were moved to room temperature (21°C) and allowed to equilibrate at this temperature for 15 min with stirring to maintain aeration. To initiate the experiment, tellurite (selenite or cadmium for Fig. 5 ) was added, and samples of 500 µL were removed into microfuge tubes at intervals and centrifuged to pellet the cells. The cell pellets were then frozen and stored at -20°C until the termination of the experiment. The reduced thiol concentration (RSH) was measured using Ellmans reagent (Fahey and Newton 1987; Means and Feeney 1971) , and is standardized to the total cell protein concentration using the following protocol. The frozen pellets were thawed and resuspended by vortexing in 1 mL of 50 mM Tris HCl pH 8.0, 5 mM EDTA, 0.1% SDS and 0.1 mM dithio-bis(2-nitrobenzoic acid) (DTNB; Ellmans reagent). The suspensions were then incubated at 37°C for 30 min. The samples were vortexed briefly and then centrifuged in a microfuge for 10 min at 15 000 × g. The absorbance of the supernatant was read at 412 nm. The extinction coefficient of oxidized DTNB (1.36 × 10 4 ·M -1 ·cm -1 ) was then used to calculate the reduced thiol concentration of the cell. Additional samples were removed at t = 0 and 120 min for the determination of cell protein concentration (Markwell et al. 1978) .
Data were normalized at time zero in order to monitor the tellurite-dependent RSH oxidation. The concentration of reduced thiols (µmol RSH/g cell protein) at time zero was subtracted from a given data set. Therefore, the loss of RSH (thiol oxidation) as a result of toxin exposure can be observed over a 2 h time frame. All experiments were performed 3 times (independent experiments) and the means are reported in Figs. 1 and 5. Variability in the data between trials are within 10 µmol RSH/g cell protein (standard deviation).
Preparation of cell extracts and HPLC analysis of thiols
Cell extracts were analyzed for low-molecular-weight thiols as their bimane derivatives. The procedure for thiol labeling was followed as previously described (Newton et al. 1993) . Briefly, 50% aqueous acetonitrile containing 20 mM Tris-HCl (pH 8.0) and 2 mM monobromobimane (mBBr) was added to pelleted frozen cells. The extract was then sonicated and the mBBr allowed to react in the dark before acidification with 5 M methanesulfonic acid. Cell debris was then removed by centrifugation and samples stored at -70°C until use. Control samples were prepared by substituting 5 mM N-ethylmaleimide (NEM) for the mBBr in the extraction buffer.
A time course of the effect of tellurite exposure was performed by allowing E. coli cultures to grow to a mid log phase similar to the whole cell thiol assay. The experiment was initiated through the addition of potassium tellurite (K 2 TeO 3 ) to 50 µg/mL. This amount was chosen because it is the highest concentration that is still below the minimum inhibitory concentration of all Te r determinants studied. Aliquots of the culture were taken over a 2 hour incubation time and the cells were collected by centrifugation followed by extraction as outlined above.
The chromatographic conditions, description of reagents, preparation of thiol-mB standards, as well as the HPLC equipment has been described elsewhere (Fahey and Newton 1987; Newton et al. 1993) . Two different HPLC protocols were used. Method 1 uses a reverse-phase column with an aqueous sodium acetate-methanol gradient. This method works well to separate most low-molecularweight thiol derivatives found in biological extracts. However, it does not work with highly charged thiol compounds such as coenzyme A (CoASH). These compounds were separated utilizing Method 2, which incorporates a tetrabutylammonium phosphate ion-pairing protocol (Fahey and Newton 1987) .
The levels of GSH were quantified by the ratio of the HPLC peak area to the cell dry weight (DW) and are shown in Fig. 4 . The dry weight was obtained by drying a cell pellet of equal volume of cell culture without prior extraction with aqueous acetonitrile buffer. The magnitude was found to be reproducible and the maximum variability in this data is on the order of 0.2 nmol GSH/mg DW.
Results
Thiol oxidation in thiol:redox mutants
Disulfide bonds are rarely found in cytoplasmic proteins of E. coli. The absence of oxidized thiols is the result of the thiol:disulfide buffering system which include the enzymes glutathione reductase and thioredoxin reductase as well as their metabolites: thioredoxin, glutaredoxin, and glutathione (GSH). Thiol oxidation due to exposure of E. coli mutants in thiol redox metabolism to 50 µg K 2 TeO 3 /mL is shown in Fig. 1 . The wild-type thiol response curves were performed at the same time as the mutants and are similar to that found previously (Turner et al. 1999 ). Both Fig. 1A and 1B data were collected at the same time. The wild-type curve is included in both panels to allow for comparisons.
The curves in Fig. 1 demonstrate tellurite-dependent RSH oxidation. The oxidation plateaus at extended times (>120 min). Additionally, the tellurite-susceptible cultures (wild type with no Te r ) have lost viability within this timeframe. Therefore, further time points were not collected. Additionally, the levels of RSH were monitored in the same fashion, but without tellurite exposure for all strains, and Fig. 1 . Loss of reduced thiol content upon exposure to 50 µg/mL tellurite for E. coli mutants responsible for the maintenance of the reducing environment within the cell. (A) Thiol oxidation in glutathione mutants. Wild-type strain JF1070 exposed to tellurite (ٗ) and without ( ), JF420 -glutathione reductase (᭺), JF2200 -glutathione synthesis (gshA) (᭝), JF2201 -glutathione synthesis (gshB) (᭛). (B) Thiol oxidation in thioredoxin/glutaredoxin mutants. Wild-type exposed to tellurite (ٗ) and without ( ), JF432 -thioredoxin reductase (᭝), JF2062 -thioredoxin (᭺), BPR100 -glutaredoxin (᭛). Tellurite was added at time zero. Error in the data ranges from ±2 Mmol to a maximum of ±10 µmol of RSH/g cell protein.
were found not to vary over the time course of the experiment. For ease of view only the wild type without tellurite exposure is shown in Fig. 1 as a representative curve. Figure 1A shows reduced levels of thiol oxidation in mutants of glutathione biosythesis and glutathione reductase.
This data suggest that GSH is an important target of the tellurite -RSH reaction, which contributes significantly to the population of RSH molecules that react with TeO 3 2-. The curves reflect the absence of RSH available for reaction with TeO 3 2-. Potentially, the loss of GSH cannot contribute to the repair of TeO 3 2-reacted RSH compounds and thus less RSH was observed to be oxidized. Figure 1B shows the thiol oxidation response curve for mutants with defects in the thiol:redox components glutaredoxin, thioredoxin, and thioredoxin reductase. These mutants also showed lower levels of RSH oxidation. The glutaredoxin and thioredoxin mutants show slightly more thiol oxidation than the other mutants suggesting that within these mutants the concentration of RSH in the cell is higher than in the GSH mutants. Figure 1 demonstrates that components of the thiol:disulfide redox buffering system within E. coli are contributing to the RSH composition which is targeted by TeO 3 2-reactivity. This is in agreement with the observed resistance levels of these mutants as all mutants are found to have reduced tellurite minimal inhibitory concentrations compared to wild-type (Turner et al. 1995b ).
Tellurite reactivity with low-molecular-weight thiols within the cell
Quantitation of low-molecular-weight thiols was accomplished by HPLC separation of their mBBr derivatives. Figure 2 illustrates the separation of glutathione (GSH) and other thiol compounds using method 1 (Fahey and Newton 1987) . A representative chromatogram from wild-type strain HB101 extracts shows the distribution of low-molecularweight RSH compounds (Fig. 2A) . The chromatograms from control samples in which the cell extract is reacted with NEM to block thiol groups before derivitization with mBBr is shown in Fig. 2B . These two chromatograms allow the identification of peaks that are not derived from RSH compounds. These additional peaks arise from other fluorescent compounds in the extract as well as the mBBr reagent itself. Figure 2C shows the chromatogram of cell extract derived from an HB101 culture exposed to 50 µg K 2 TeO 3 /mL for 75 min. Comparisons between this chromatogram and those of Fig. 2A and 2B indicate that TeO 3 2-reacts with the same low-molecular-weight thiols as NEM, particularly GSH. Figure 2D shows the corresponding chromatogram of HB101 carrying the klaAtelAtelB Te r determinant. This chromatogram is similar to Fig. 2A , demonstrating that the determinant is able to protect cells against the tellurite-dependent oxidation of key RSH compounds.
A representative chromatogram for the separation of thiols using HPLC method 2, employs a protocol that permits the determination of CoASH content (Fig. 3) . These chromatograms were produced using cell extracts from HB101 harboring the plasmid pDT1558, which contains a clone of the Te r determinant kilAtelAtelB. As in Fig. 2 , chromatogram B is the chromatogram of extracts reacted with NEM to identify which peaks of chromatogram A are low-molecularweight thiol derived. Chromatogram C arises from extracts derived from a wild-type culture exposed to 50 µg K 2 TeO 3 /mL for 60 min. The low-molecular-weight thiol peaks identified by comparing Figs. 3A and 3B are also lost in Fig. 3C . However, these peaks are not lost in Fig. 3D , which is from the Te r culture HB101/pDT1558. Of particular interest is the identifiable thiol compounds GSH and CoASH. Both of these components were lost upon tellurite exposure in susceptible cells but were present in the resistant culture. Similar results were observed for chromatograms of extracts from the ter Te r determinant using the plasmid R478 (results not shown).
The quantified levels of reduced glutathione within the cells as derived by the HPLC chromatograms were studied for the wild type strain HB101 and with this strain harboring the tellurite resistance determinant kilAtelAtelB (HB101/pDT1558) (Fig. 4) . There was a rapid loss of reduced glutathione within the first 15 min, although when the resistant determinant was present, the loss of thiol was more gradual and only decreases to~60% that of the GSH content of the control which was not exposed to tellurite. Similar results were found with the ter Te r determinant (results not shown). This Fig. 4 . Loss of reduced glutathione (GSH) content as determined by HPLC analysis of low molecular weight thiols. GSH levels in HB101 (ٗ) and as a result of exposure to 50 µg/mL tellurite (᭛). Levels of GSH in HB101/pDT1558 (᭺) and with tellurite exposure (᭝). Glutathione levels have been normalized to cell dry weight (DW).
Fig. 5.
Loss of reduced thiol content in HB101 as a result of exposure to selenite (800 µg Na 2 SeO 3 /mL) (ٗ) and the loss of reduced thiols as a result of exposure to 10 mM cadmium (᭛). For comparison the thiol response curve to 50 µg/mL tellurite (᭺) from Fig. 1 is overlaid. suggests that the Te r determinants protect against GSH oxidation by tellurite.
Thiol oxidation response from exposure to selenite and cadmium
Because of the similarity of selenite to tellurite, in the present study we examined the selenite dependent thioloxidation response (Fig. 5) . The concentration of selenite chosen (800 µg Na 2 SeO 3 /mL) for the experiment was well below the susceptible level of HB101 to this oxyanion (MIC = 1600-3200 µg Na 2 SeO 3 /mL). Although the concentration of selenite is 16-fold greater than that of tellurite, a lower level of reduced thiols were lost overall. There was initially a faster rate of thiol oxidation than observed with tellurite within the first 15 min. However, this loss slowly recovers over 90 min.
The thiol oxidation response is also shown for exposure of HB101 to 10 mM CdCl 2 . Cadmium is known to interact with thiols, particularly functional sulfhydryl groups of proteins (Vallee and Ulmer 1972) . However, there is only marginal loss of RSH from exposure to this heavy metal during the time course of the experiment. The effect of mercury on thiol oxidation has been compared previously to the effect of tellurite (Turner et al. 1999) . The Hg 2+ RSH oxidation was far more rapid than the TeO 3 2-effect and the Te r determinants were unable to protect against this type of thiol oxidation. Together, these data demonstrate that different thiol 'reactive' metals have quite different effects on the reduced thiol content in E. coli.
Discussion
The E 0 pH 7.0 for the redox couple of TeO 3 2-to Te 0 is -1.186 V. In the case of E. coli, tellurite does not act directly as a strong oxidizing agent but as a thiol-specific reactant (shown in this study). Tellurium oxyanions can undergo various reactions with RSH nucleophiles (Albeck et al. 1998; Turner et al. 1992) . The nature of the R group dictates whether the final product contains an S-Te bond or whether the RSH is oxidized to RSSR. The importance of thiol:redox buffering system components to tellurite resistance and susceptibility in E. coli was postulated through use of mutants of various redox metabolites (Turner et al. 1995b; Turner et al. 1999) . Tellurite-dependent thiol oxidation was demonstrated, and the presence of Te r determinants protected E. coli from this effect (Turner et al. 1999) . In the present study, we identify specific targets of this thiol oxidation effect.
The approach of using mBBr labeling combined with HPLC analysis for determining low-molecular-weight RSH components in cells has been successful for identification of α-aminoadipyl-L-cysteinyl-D-valine (Banko et al. 1986; Jensen et al. 1988 ) and for monitoring the distribution of low-molecular-weight thiols in Streptomycetes (Newton et al. 1993) . Because this technique is well suited to measure cellular RSH content, it was employed here to identify and verify the targets of TeO 3 2-reactivity within the cell. The results of this study demonstrated that glutathione is a key target for tellurite reactivity in the cell and that the Te r determinants inhibit this chemical reaction. Several other low-molecular-weight thiols, including CoASH, were also found to be targets of the tellurite reaction, which were also protected by the presence of Te r determinants. Comparing the thiol oxidation response curves in Fig. 4 to those of Fig. 1 , it is clear that GSH is not the only thiol oxidized by TeO 3 2-exposure. These other unidentified lowmolecular-weight thiols, as well as higher molecular weight thiol compounds, must also be reacting, but at a slower rate than that of GSH. This is inferred from comparing the relatively slow decay of reduced thiols in Fig. 1 compared to that of the total loss of GSH by 15 min as shown in Fig. 4 . We propose that GSH is the initial thiol compound that reacts with tellurite within the cytoplasm; once this key thiol metabolite is exhausted, tellurite begins to react with other RSH compounds in the cell. The presence of a Te r clearly protects the GSH content.
There is now overwhelming evidence that GSH levels determine susceptibility of eukaryotic cells to cytotoxic drugs as well as to oxidative and radical-induced damage (Black and Wolf 1991) . Glutathione, in eukaryotes and prokaryotes, has been implicated in a wide range of metabolic processes including cell division, DNA repair, regulation of enzyme activity, activation of transcription factors, modulation of ion and cation homeostasis, and protection against oxidative damage (Black and Wolf 1991; Meister and Anderson 1983; Penninckx and Elskens 1993; Romero and Canada 1991) . This compound is generally involved in maintenance of the reducing cellular environment. Glutathione has also been reported to be involved in resistance to heavy metals in both diatoms (Rijstenbil et al. 1994 ) and yeast (Coblenz and Wolf 1994) . The rapid GSH depletion, seen in Fig. 4 , would lead to serious oxidative stress events. Normally, the levels of enzymes and metabolites of thiol:redox biochemistry are elevated in bacteria following oxidative stress (Christman et al. 1985) . These components would be overwhelmed by tellurite-mediated thiol oxidation resulting in the inability to cope with any oxidative stress. These events likely account for the early interpretation of tellurite toxicity in which tellurite was considered to act directly as a general oxidizing agent (Summers and Jacoby 1977; Taylor 1999) .
Our results suggest that oxidation of the RSH components in the cell by reaction with TeO 3 2-is a component of the mechanism of toxicity of this oxyanion. If we consider that GSH is involved in the protection of the cell against tellurite, it may act like a chemical sink or sponge removing the toxicant from the cytoplasm. The lack of reduced thiols in the thiol:redox mutants would enable tellurite to become available for reactions with other cellular components leading to increased levels of toxicity.
The resistance levels of mutants suggests that the thiol:redox components involved in maintaining the GSH levels in the cell are crucial to tellurite resistance in wild type E. coli cultures (Turner et al. 1995b) . Additionally, the Te r determinants have the ability to maintain the GSH levels in E. coli. It is possible to propose a mechanism for the Te r resistance determinants studied here, in which they are diverting the tellurite reaction chemistry to thiols other than GSH. Previous experiments demonstrated that the Te r determinants do not appear to catalyze disulfide bond formation like DsbADsbB (Turner et al. 1999) . It is possible that the Te r determinants are a form of thiol reductase. However, the Te r determinants only protect against TeO 3 2-dependent RSH ox-idation. Therefore, the presence of hypothetical RS-Te-SR thiol isomerase or reductase activities of the Te r determinants are worth investigating, although they show no homologies to such enzymes.
The differences in the thiol oxidation response curves for tellurite ( Fig. 1) and selenite (Fig. 5 ) may explain why tellurite is~1000 fold more toxic than selenite. Although both display rapid initial RSH oxidation, the RSH content recovers from selenite and not from tellurite exposure. The metabolism of selenium oxyanions in E. coli is intimately coupled to thiol biochemistry particularly that of glutathione (Turner et al. 1998) . A key intermediate is selenodiglutathione (GS-Se-SG). This compound is a substrate for glutathione reductase (Ganther 1971) , which through various intermediates, yields reduced glutathione and elemental selenium (Se 0 ). Similar biochemistry can occur indirectly where selenodiglutathione is a substrate of thioredoxin reductase (Björnstedt et al. 1995; Kumar et al. 1992) . Although a similar reaction with tellurite is expected between GSH and TeO 3 2-generating tellurodiglutathione (GS-Te-SG), no reduction activity could be observed in vitro using glutathione reductase (R.J. Turner, unpublished results).
The results of this study support the hypothesis that a major fraction of the reduced thiol content, which reacts with tellurite, thereby resulting in their loss, is glutathione. However, other, but not all, RSH components are found to react with tellurite. This study also showed that the Te r determinants kilA and ter protect against the loss of glutathione and RSH compounds.
